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Abstract 

This invention pertains to the preparation of polymerized "post-MAO" a-diimide nickel 
catalysts for the polymerization of olefins and the polymerization of ethylene catalyzed by such. 
The catalysts consist of components A and B, in that component A is expressed by formula 
[P(S-co-Cat)] or Si0 2 -P(S-co-Cat)], where P represents a copolymer, S is polystyrene, co 
represents copolymerization and Cat represents 1-4 kinds of "post-MAO" a-diimide nickel 
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catalysts containing alkenyl groups. [P(S-co-Cat)] are coordination compounds formed by 1.-4 
kinds of neutral ligands for a-diimide with nickel, in that the positions para to the amino group 
contain alkenyl groups that copolymerize with styrene to form polymerized "post-MAO" 
catalysts for olefin polymerization. SiC>2 represents a silicon dioxide carrier that immobilizes 
polymerized a-diimide nickel catalysts [P(S-co-Cat)]. Component B is methylaluminoxane and 
boron pentafluorobromobenzene [B(C 6 F 5 ) 3 ]. This type of catalyst for catalyzing ethylene 
polymerization possesses a high activity and is suitable for gas phase and slurry polymerization 
processes and the polymer products contain no inorganic ash. 

Claims 

LA polymerized "post-MAO" a-diimide nickel catalyst for olefin polymerization 
comprising components A and B, in that component A is expressed by formula [P(S-co-Cat)] or 
Si0 2 -P(S-co-Cat)] 5 where P represents a copolymer, S is polystyrene, co represents 
copolymerization, Cat represents 1-4 kinds of "post-MAO" a-diimide nickel catalysts containing 
alkenyl groups; [P(S-co-Cat)] are copolymers of 1-4 kinds of a-diimide nickel catalysts and 
styrene, having the following structure: 




where M represents Ni; x is CI or Br; p is an integer of 0-4; a, b, c, d, m, n, x and y are integers 
of 0-1 50 Rj and R 2 may be the same or different and represent H, methyl groups, isopropyl 
groups or tert-butyl groups R 3 and JU may be the same or different and represent methyl groups, 
ethyl groups, propyl groups or heterocyclic groups and ET is selected from the following 
divalent residues of cyclic compounds or mixtures thereof: 




Si0 2 represents a silicon dioxide carrier immobilizing polymerized catalyst [P(S-co-Cat)]; 
component B is selected from methylaluminoxane and pentafluorobromobenzene [B(C 6 F 5 )3]. 

2. A method for preparing component A of the polymerized "post-MAO" a-diimide 
nickel catalysts for olefin polymerization according to the description in Claim 1, comprising: 

under the catalytic action of formic acid, acetic acid, CF3COOH and hydrochloric acid,' 
and in a solvent system of acid and alcohol, a-diketones having the following formulas, 




undergo condensation reactions with alkenyl-substituted arylamines represented by the following 
formulas, 




to give a-diimide ligands having alkenyl groups represented by the following formulas, 



r 
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under anhydrous and oxygen-free conditions, a coordination reaction of the 
aforementioned ligands and NiX 2 , where x is CI or Br, is carried out to give a-diimide Ni(II) 
coordination compounds containing alkenyl groups represented by the following formulas, 




copolymerization of the a-diimide Ni(ll) coordination compounds containing alkenyl 
groups and styrene initiated by A1BN is then carried out under anhydrous and oxygen-free 
conditions, to link the catalysts to the polyethylene [sic; polystyrene] chains through o bonding, 
to give the polymerized "post-MAO" catalysts of the following formula for olefin 
polymerization. 
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where M represents Ni; x is CI or Br; p is an integer of 0-4; a, b, c, d, m, n, x and y are 
integers of 0-150; R\ and R 2 may be the same or different and represent H, methyl groups, 
isopropyl groups or tert-butyl groups; R3 and R4 may be the same or different and represent 
methyl groups, ethyl groups, propyl groups or heterocyclic groups, and ET is selected from the 
following divalent residues of cyclic compounds or mixtures thereof: 




Si02 represents a silicon dioxide carrier immobilizing polymerized catalyst [P(S-co-Cat)]. 
Component B is selected from methylaluminoxane and pentafluorobromobenzene [B(C6Fs)3]. 

3. The method for preparing the polymerized "post-MAO" a-diimide nickel catalysts for 
olefin polymerization according to the description of Claims 1 and 2, characterized in that in the 
process of preparing component A of the Si0 2 -carried polymerized "post-MAO" a-diimide 
nickel catalysts for olefin polymerization, Si0 2 carrier, solvent and catalyst are added first, and 
an initiator is added after the temperature is increased to 70°C, followed by carrying out 
polymerization for 8 h at a constant 80°C. 

4. The method for preparing the polymerized "post-MAO" a-diimide nickel catalyst for 
olefin polymerization according to the description of Claim 1 , characterized in that the process of 
producing polyethylene includes a process utilizing said component A of the polymerized 
"post-MAO" a-diimide nickel(ll) catalysts for olefin polymerization according to description of 
Claim 1. 
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5. The method for preparing the polymerized "post-MAO" a-diimide nickel catalysts for 
olefin polymerization according to the description of Claim 1, characterized in that the 
polymerization pressure for producing polyethylene is 1-20 atm. 

6. The method for preparing the polymerized "post-MAO" a-diimide nickel catalysts for 
olefin polymerization according to the description of Claim 1 , characterized in that production of 
polyethylene is carried out by homogeneous or heterogeneous polymerization. 

Specifications 
Technical field 

1 This patent pertains to a catalyst for olefin polymerization, particularly a polymerized 
"post-MAO" transition metal catalyst containing alkenyl groups for olefin polymerization. 

The present invention also pertains to a preparation method for the aforementioned 
catalyst. 

The present invention also pertains to the application of the aforementioned catalyst for 
olefin polymerization, particularly for ethylene polymerization. 

Prior art 

Beginning in the 1990s, the "post-MAO" late-transition metal catalysts have been lauded 
as the 3 rd generation of catalysts with a high activity for olefin polymerization after Ziegler-Natta 
catalysts and metallocene catalysts, and they have become the focal point of world-wide research 
on new catalysts for olefin polymerization. Different from the traditional Ziegler-Natta catalysts 
and metallocene catalysts, most late-transition metal catalysts are only suitable for ethylene 
dimerization or oligomerization due to the 0-H eliminating reaction, and high molecular weight 
polyethylenes cannot be produced by them. Recently, the Brookhart research group supported by 
Du Pont Company (J. Am. Chem. Soc, 122 6686 (2000), 121 10634 (1999), 120 888 (1998), 
118 267 (1996), 117 6414 (1995); Macrornolecules, 31, 6705 (1998); US 5,886,223, US 
5,891,563) published a series of late-transition metal nickel and palladium a-diimide compounds, 
capable of polymerizing ethylene and a -olefins into high molecular weight polymers having 
characteristic microstructures. This pioneering development work opened a new area of research 
on catalysts for olefin polymerization. 

These type of Ni(ll) and palladium(II) diimide compounds show a higher activity for 
ethylene polymerization under the action of the auxiliary catalyst MAO, and the activity can 
reach to the same level as that of metallocene catalysts, with some reaching l.lxl 0 4 /kg PE/(mol 
•Ni h); also, by using this type of new diimide Ni(II) catalyst, not only can ethylene be 
polymerized to give high density polyethylene and polyethylene with a medium degree of 
branching with methyl groups as the main branches, but a-olefins and cycloolefins can also be 



polymerized in equal quantity to give high molecular weight polymers; additionally, palladium 
diimide compounds achieve true copolymerization of olefin^ and methyl acrylate for the first 
time; what should be noted is that, by varying and controlling the pressure, temperature and 
ligand substituent, polyethylenes ranging from homopolymers having a high degree of branching 
and high irregularity to those of linear, semicrystalline and high density can be produced. 
Research on polymerization with this type of catalyst cannot be found in the literature, and 
research on such polymerizing technique has a certain positive implication for better control of 
polymerization with this type of catalyst and for increasing the catalytic activity so that polymers 
with ideal molecular weight and degree of branching can be produced, while having better 
adaptation to industrial production equipment. 

Objective of the invention 

The objective of the present invention lies in providing a polymerized "post-MAO" 
a-diimide nickel catalyst for olefin polymerization. 

Another objective of the present invention lies in providing a method of preparing a 
polymerized "post-MAO" catalyst for olefin polymerization; said method utilizes an alkenyl 
group-substituted a-diimide nickel compound and styrene to link the "post-MAO" catalyst into 
polymer chain through c bonding via the action of an initiator to form said polymerized 
"post-MAO" catalyst for olefin polymerization. 

Still another objective of the present invention lies in providing a polymerized 
"post-MAO" a -diimide nickel catalyst for application in olefin polymerization, particularly 
ethylene polymerization. 

Polymerized "post-MAO" a-diimide nickel catalysts also posses a very high activity in 
olefin polymerization, and polymerizing "post-MAO" catalysts allows easy control of the 
composition and distribution of catalysts on polymer chains, and the catalytic effect of the active 
center can be exercised to the fullest by regulating the distribution of catalysts on the polymer 
chains. Additionally, polymers obtained by olefin polymerization using polymerized 
"post-MAO" a-diimide nickel catalysts do not contain inorganic ash. 

The catalysts prepared by the present invention comprise components A and B, in that 
component A is expressed by the formula [P(S-co-Cat)] or Si0 2 -P(S-co-Cat)], where P 
represents a copolymer, S is polystyrene, co represents copolymerization, Cat represents 1-4 
kinds of "post-MAO" a-diimide nickel catalysts containing alkenyl groups. [P(S-co-Cat)] are 
copolymers of 1-4 kinds of a-diimide nickel catalysts and styrene, having the following 
structure: 



Where M represents Ni; x is CI or Br; p is an integer of 0-4; a, b, c, d, m, n, x and y are integers 
of 0-1 50; Ri and R 2 may be the same or different and represent H, methyl groups, isopropyl 
groups or tert-butyl groups; R3 and R4 may be the same or different and represent methyl groups, 
ethyl groups, propyl groups or heterocyclic groups, and ET is selected from the following 
divalent residues of cyclic compounds or mixtures thereof. 




Si0 2 represents a silicon dioxide carrier immobilizing the polymerized catalyst [P(S-co-Cat)]. 
Component B is selected from methylaluminoxane and boron pentafluorobromobenzene 
[B(C 6 F 5 ) 3 ]. 

The catalyst preparation procedure is as follows: 

N-alkenylanilines formed from substituted aromatic amines and alkenyl chlorides or 
alkenyl.bromides are rearranged to give 4-alkenylarylamines in the presence of anhydrous zinc 
chloride, giving yields of 25-71%. 

The structures are: 
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Where Rj and R 2 may be the same or different and represent H, methyl groups, isopropyl groups, 
or tert-butyl groups, and pis an integer of 0-4. 

They undergo a condensation reaction with aa-diketone of the following formulas in a ' 
solvent system of acid and alcohol, under the catalytic action of formic acid, acetic acid, 
CF3COOH and hydrochloric acid. 




a-diimide ligands having alkenyl groups represented by the following formulas are obtained, 
yield 72-84%: 




The coordination reaction of the aforementioned ligands and NiX 2 , where x is CI or Br, is 
carried out under anhydrous and oxygen-free conditions, to give a-diimide Ni(II) coordination 
compounds containing alkenyl groups represented by the following formulas, yield 92-98%; 
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1 Copolymerization of the ct-diimide Ni(II) coordination compounds containing alkenyl 
groups and styrene initiated by AIBN is then carried out under anhydrous and oxygen-free 
conditions, to link the catalysts to the polyethylene [sic; polystyrene] chains through o bonding, 
to give the polymerized "post-M AO" catalysts of the following formula for olefin 
polymerization; 




where M represents Ni; x is CI or Br; p is an integer of 0-4; a, b 5 c 5 d, m, n, x and y are 
integers of 0-150; Ri and R2 may be the same or different and represent H, methyl groups, 
isopropyl groups or tert-butyl groups; R3 and R4 may be the same or different and represent 
methyl groups, ethyl groups, propyl groups or heterocyclic groups, and ET is selected from the 
following divalent residues of cyclic compounds or mixtures thereof: 




Si02 represents a silicon dioxide carrier immobilizing the polymerized catalyst [P(S-co-Cat)]. 

Component A catalyzes polymerization of olefins at 1 -20 atm, via the aid of auxiliary 
catalyst component B, where component B represents methylaluminoxane or boron 
pentafluorobromobenzene [B(C 6 F 5 ) 3 ] ; and the numerical activity level is 10 5 -10 7 /g PE/ 
(mol-Ni -h) [sic; mol Ni h]. 



The specific application examples are as follows: 
Application Example 1 : Preparation of allylarylamines 

A mixture of 2,6-diisopropylaniline 0.2 mol and allyl chloride 0.1 mol is heated and 
refluxed for 8 h, followed by cooling and allowing to stand overnight, and is then added to 
400 mL water and made alkaline with a sodium hydroxide solution, and the reaction mixture is 
extracted with diethyl ether. Vacuum distillation to give N-allyl-2,6-diisopropylaniline, 18.33 g, 
yield 84%. N-allyl-2,6-diisopropylaniline 0.084 mol and anhydrous zinc chloride 0.1 mol are 
added to 100 mL toluene solvent, which is refluxed for 5 h under an argon atmosphere, and the 
mixture is made alkaline with aqueous sodium hydroxide solution after cooling. The organic 
layer is separated and the insoluble material in the lower layer is dissolved in hot concentrated 
hydrochloric acid, which is decanted into the aforementioned diethyl ether extract solution, 
followed by drying over anhydrous magnesium sulfate and vacuum distillation to give 
4-allyl-2,6-diisopropylaniline, 12.92 g, yield 71%. 

Application Example 2 : Preparation of allylarylamines 

A mixture of 2-tert-butylaniline 0.1 mol and l-bromo-2-butene 0.05 mol is heated and 
refluxed for 10 h, followed by cooling and allowing to stand overnight, and then added to 
200 mL water and made alkaline with a sodium hydroxide solution, and the reaction mixture is 
extracted with diethyl ether. Vacuum distillation to give, N-(2-methylallyl)-2-tert-butylaniline, 
5.35 g, yield 53%. N-(2-methylallyl)-2-tert-butylaniline 0.2 mol and anhydrous zinc chloride 
0.2 mol are added to 200 mL toluene solvent, which is refluxed for 8 h under an argon 
atmosphere, and the mixture is made alkaline with an aqueous sodium hydroxide solution after 
cooling. The organic layer is separated and the insoluble material in the lower layer is dissolved 
in hot concentrated hydrochloric acid, which is decanted into the aforementioned diethyl ether 
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extract solution, followed by drying over anhydrous magnesium sulfate and vacuum distillation 
to give 4-(2-methylallyl)-2-tert-butylaniline, 24.89 g, yield 61%. 

Application Example 3 : Preparation of allylarylamines 

A mixture of 2,6-dimethylaniline 0.12 mol and 1 -bromo-2-pentene 0.06 mol is heated 
and refluxed for 9 h, followed by cooling and allowing to stand overnight, and is then added to 
300 mL water and made alkaline with a sodium hydroxide solution, and the reaction mixture is 
.extracted with diethyl ether. Vacuum distillation to give N-(2-ethylallyl)-2,6-dimethylaniline, 
3.72 ,g, yield 33%. N-(2-ethylallyl)-2,6-dimethylaniline 0.05 mol and anhydrous zinc chloride 
0.05 mol are added to 80 mL toluene solvent, which is refluxed for 7 h under an argon 
atmosphere, and the mixture is made alkaline with aqueous sodium hydroxide solution after 
cooling. The organic layer is separated and the insoluble material in the lower layer is dissolved 
in hot concentrated hydrochloric acid, which is decanted into the aforementioned diethyl ether 
extract solution, followed by drying over anhydrous magnesium sulfate and vacuum distillation 
to give 4-allyl-2,6-dimethylaniline [sic; 4-(2-ethylallyl)-2,6-dimethylaniline], 2.77 g, yield 29%. 

Application Example 4 : Preparation of allylarylamines 

A mixture of 2,6-diisopropylaniline 0.1 mol and 1 -bromo-2-heptene 0.05 mol is heated 
and refluxed for 10 h, followed by cooling and allowing to stand overnight, and then added to 
300 mL water and made alkaline with a sodium hydroxide solution, and the reaction mixture is 
extracted with diethyl ether. Vacuum distillation to give N-(2-butylallyl)-2,6-diisopropylaniline, 
4.09 g, yield 30%. N-(2-butylallyl)-2,6-diisopropylaniline 0.05 mol and anhydrous zinc chloride 
0.05 mol are added to 50 mL toluene solvent, which is refluxed for 8 h under an argon 
atmosphere, and the mixture is made alkaline with a aqueous sodium hydroxide solution after 
cooling. The organic layer is separated and the insoluble material in the lower layer is dissolved 
in hot concentrated hydrochloric acid, which is decanted into the aforementioned diethyl ether 
extract solution, followed by drying over anhydrous magnesium sulfate and vacuum distillation 
to give 4-(2-butylallyl)-2,6-'diisopropylaniline, 3.44 g, yield 25%. 

Application Example 5 : Preparation of diimide bidentate ligands containing two alkenyl groups 

2 mmol a-Acenaphthenone and 4 mmol 4-allyl-2 ; 6-diisopropylaniline are dissolved in 
20 mL acetic acid, which is heated and refluxed for 1 h 5 followed by cooling to room 
temperature to give a solid precipitate, which is filtered and washed in sequence with acetic acid 
(3 x 20 mL) and n-hexane (3 x 20 mL), and vacuum dried to give a-diimide ligand compound 
C42H 48 N2 5 1.0 g, yield 84%. 
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Application Example 6 : Preparation of diimide bidentate ligands containing two alkenyl groups 

a-Butadione 3 mmol and 4-(2-methylallyl)-2-tert-butylaniline 6 mmol are dissolved in 
30 mL methanol, which is heated and refluxed for 1 h after adding 3-5 drops of formic acid as 
the catalyst, followed by cooling to room temperature to give a solid precipitate, which is filtered 
and washed in sequence with methanol (3.x 20 mL) and n-hexane (3 x 20 mL) and vacuum dried 
to give a-diimide ligand compound C36H52N2, 1.2 g, yield 80%. 

Application Example 7 : Preparation of diimide bidentate ligands containing two alkenyl groups 
a-Cyclohexadione 2.5 mmol and 4-allyl-i2,6-dimethylaniline 5 mmol are dissolved in ' 
25 mL ethanol, which is heated and refluxed for 1 h after adding 3-5 drops of hydrochloric acid 
as the catalyst, followed by cooling to room temperature to give a solid precipitate, which is 
filtered and washed in sequence with ethanol (3 x 20 mL) and n-hexane (3 x 20 mL) and vacuum 
dried to give a -diimide ligand compound C28H34N2, 1 .0 g, yield 72%. 

Application Example 8 : Preparation of diimide bidentate ligands containing two alkenyl groups 

a-Phenanthradione 2.5 mmol and 4-(2-butylallyl)-2,6-diisopropylaniline 5 mmol are 
dissolved in 30 mL methanol, which is heated and refluxed for 1 h, followed by cooling to room 
temperature to give a solid precipitate, which is filtered and washed in sequence with methanol 
(3 x 20 mL) and n-hexane (3 x 20 mL) and vacuum dried to give a -diimide ligand compound 
C52H66N2, 1.5 g, yield 82%. 

Application Example 9 : Preparation of a-diimide nickel catalysts containing two alkenyl groups 
Preparation of the catalyst is carried out under the protective conditions of oxygen-free, 
moisture-free and high purity argon. The diimide ligand obtained in Application Example 5 
(1 mmol) and 1 mmol [Ni(DME)Br 2 ] (DME: dimethyl diethylether) are agitated in 30 mL 
dichloromethane solvent for 12 h at room temperature, followed by vacuum distillation to 
remove the solvent, and the precipitate is washed 3-5 times with 50 mL ether and vacuum dried 
to give a-diimide nickel catalyst C 42 H 4 8N2NiBr2, 0.8 g, yield 98%. 

Application Example 10 : Preparation of a-diimide nickel catalysts containing two alkenyl groups 

Preparation of the catalyst is carried out under the protective conditions of oxygen-free, 
moisture-free and high purity argon. The diimide ligand obtained in Application Example 6 
1 mmol and 1 mmol [Ni(DME)Cl 2 ] (DME: dimethyl diethyl ether) are agitated in 40 mL 
dichloromethane solvent for 48 h at room temperature, followed by vacuum distillation to 
remove the solvent, and the precipitate is washed 3-5 times with 50 mL ether and vacuum dried 
to give a-diimide nickel catalyst C 3 6H52N2NiCl 2; 0.6 g, yield 98%. 
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Application Example 1 1 : Preparation of a-diimide nickel catalysts containing two alkenyl groups 

Preparation of the catalyst is carried out under the protective conditions of oxygen-free, 
moisture-free and high purity argon. The diimide ligand obtained in Application Example 7 0.05 
mmol and 0.05 mmol [Ni(DME)Br 2 ] (DME: dimethyl diethyl ether) are agitated in 30 mL 
dichloromethane solvent for 24 h at room temperature, followed by vacuum distillation to 
remove the solvent, and the precipitate is washed 3-5 times with 50 mL ether and vacuum dried 
to give a-diimide nickel catalyst C28H 3 4N 2 NiCl2, 0.3 g, yield 96%. 

Application Example 12 : Preparation of a-diimide nickel catalysts containing twd alkenyl groups 

i Preparation of the catalyst is carried out under the protective conditions of oxygen-free, 
moisture-free and high purity argon. The diimide ligand obtained in Application Example 8 1 
mmol and 1 mmol [Ni(DME)Cl 2 ] (DME: dimethyl diethyl ether) are agitated in 30 mL 
dichloromethane solvent for 72 h at room temperature, followed by vacuum distillation to 
remove the solvent, and the precipitate is washed 3-5 times with 50 mL ether and vacuum dried 
to give a-diimide nickel catalyst C 4 2H 6 4N 2 NiCl2, 0.7 g, yield 92%. 

Application Example 13 : Preparation of component A of polymerized "post-MAO" a-diimide 
nickel catalysts 

Under oxygen-free and anhydrous conditions, "post-MAO" a-diimide nickel catalyst 
C 42 H48N 2 NiBr 2 containing alkenyl groups (2 mmol) obtained in Application Example 9, styrene 
5 mL and azobisisobutyronitrile 0.05 g are added in sequence to predistilled toluene and mixed 
until homogeneous, which is then polymerized for 12 h on an 80°C water bath. The mixture is 
concentrated by heating and the precipitates are washed 3-5 times with n-hexane and vacuum 
dried to give catalyst component A P[S-co-(C 42 H48N 2 NiBr 2 )], for which the nickel content is 
found to be 0.284 wt%. 

Application Example 14 : Preparation of component A of polymerized "post-MAO" a-diimide 
nickel catalysts 

Under oxygen-free and anhydrous conditions, "post-MAO" a-diimide nickel catalyst 
C36H5 2 N 2 NiCl 2 containing alkenyl groups (10 mmol) obtained in Application Example 10, 
styrene 10 mL and azobisisobutyronitrile 0.14 g are added in sequence to predistilled toluene and 
mixed until homogeneous, then polymerized for 1 5 h on an 80°C water bath. The mixture is 
concentrated by heating and the precipitates are washed 3-5 times with n-hexane and vacuum 
dried to give catalyst component A P[S-co-(C 3 6H 52 N 2 NiCl 2 )] ; for which the nickel content is 
found to be 0.258 wt%. 
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Application Example 15 : Preparation of component A of polymerized "post-MAO" a-diimide 
nickel catalyst 

Under oxygen-free and anhydrous conditions, "post-MAO" a-diimide nickel catalysts 
obtained in Application Examples 9 and 10, C 4 2H48N2NiBr2 and C36H52N2NiCl2 containing 
alkenyl groups (5 mmol each), styrene 10 mL and azobisisobutyronitrile 0.14 g are added in 
sequence to predistilled toluene and mixed until homogeneous, then polymerized for 15 h on an 
80°C water bath. The mixture is concentrated by heating and the. precipitates are washed 
3-5 times with n-hexane, and vacuum dried to give catalyst component A 
P[S-co-(C42H48N 2 NiBr2)-co-(C36H52N2NiCl2)] 5 for which the nickel content is found to be 
0.228 wt%. 

Application Example 16 : Preparation of component A of polymerized "post-MAO" a-diimide 
nickel catalyst with silicon dioxide carrier 

Under oxygen-free and anhydrous conditions, 5 g silicon dioxide carrier are weighed and 
dried under vacuum for 12 h, which together with "post-MAO" a-diimide nickel catalyst 
C 4 2H 48 N2NiBr2 containing alkenyl groups (2 mmol) obtained in Application Example 9, styrene 
5 mL and azobisisobutyronitrile 0.05 g are added in sequence to predistilled toluene and mixed 
until homogeneous, then polymerized for 12 h on a 80°C water bath. The mixture is concentrated 
by heating and the precipitates are washed 3-5 times with n-hexane and vacuum dried to give 
catalyst component A Si02-P[S-co-( C42H 4 8N 2 NiBr2)], for the nickel content is found to be 
0.158 wt%. 

Application Example 17 : Preparation of polymerized "post-MAO" a-diimide nickel catalyst with 
silicon dioxide carrier 

Under oxygen-free and anhydrous conditions, 10 g silicon dioxide carrier are weighed 
and vacuum dried for 1 2 h, which together with "post-MAO" a-diimide nickel catalyst 
C 36 H52N2NiCl2 containing alkenyl groups (10 mmol) obtained in Application Example 9 [sic] 
and 10, styrene 10 mL and azobisisobutyronitrile 0.1 4g are added in sequence to predistilled 
toluene and mixed until homogeneous, then polymerized for 12 h on an 80°C water bath. The 
mixture is concentrated by heating and the precipitates are washed 3-5 times with n-hexane and 
vacuum dried to give catalyst component A Si02-P[S-co-(C36H52N 2 NiCl 2 )] 5 for which the nickel 
content is found to be 0. 1 47 wt%. 
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Application Example 18 : Preparation of polymerized "post'-MAO" a-diimide nickel catalyst with 
silicon dioxide carrier 

Under oxygen-free and moisture-free conditions, 10 g silicon dioxide carrier are weighed 
and vacuum dried for 12 h, which together with "post-MAO" a-diimide nickel catalysts obtained 
in Application Examples [9 and] 10, C42H48N 2 NiBr 2 and C3 6 H52N 2 NiCl2 containing alkenyl 
groups (5 mmol each), styrene 10 mL and azobisisobutyrohitrile 0.14 g are added in sequence to 
predistilled toluene and mixed until homogeneous, then polymerized for 12 h on a 80°C water 
bath. The 'mixture is concentrated by heating and the precipitates are washed 3-5 times with 
n^hexane and vacuum dried to give catalyst component A SiC>2-P[S-co- 
(C42H48N2NiBr2)-co-(C36H52N 2 NiCl2)] ? for which the nickel content is found to be 0.153 wt%. 

Application Example 19 : Homogeneous and heterogeneous polymerizations of ethylene 

Polymerization of ethylene is carried out under oxygen-free and anhydrous conditions. 
The reaction system comprises toluene 50 mL, to which methylaluminoxane 0.45 mL, 
polymerized catalyst P[S-co-(C4 2 H 4 8N2NiBr2)] obtained in Application Example 13 (1 mmol) 
(based on Al/Ni = 1000) and ethylene are added in sequence and reaction is carried out for 0.5 h 
at 20°C. The reaction is quenched using an ethanol solution containing 1% hydrochloric acid, 
and the obtained product is filtered, washed 3 times with ethanol, followed by vacuum drying for 
24 h at 40°C, to give 0.56 g polyethylene, activity 1 . 1 2 x 1 0 6 g PE/(mol Ni -h). 

Application Example 20 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 19 is carried out with methylaluminoxane 
1 .8 mL (based on Al/Ni = 4000), to give 0.78 g polyethylene, activity 1 .56 x 10 6 g PE/ 
(molNi -h). 

Application Example 21 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 19 is carried out with methylaluminoxane 
1 .48 mL (based on Al/Ni = 1000), to give 0.87 g polyethylene, activity 1.74x 10 6 gPE/ 
(molNi h). 

Application Example 22 : Homogeneous and heterogeneous polymerizations of ethylene 

Polymerization of ethylene is carried out under oxygen-free and anhydrous conditions. 
The reaction system comprises toluene 50 mL, to which methylaluminoxane 0.45 mL, 
polymerized catalyst P[S-co-(C4 2 H48N2NiBr 2 )-co-(C36H52N 2 NiCl2)] obtained in Application 
Example 15 (1 (imol) (based on Al/Ni = 1000) and ethylene are added in sequence and reaction 
is carried out for 0.5 h at 20°C. The reaction is quenched using an ethanol solution containing 
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1% hydrochloric acid, and the obtained product is filtered, washed 3 times with ethanol, 
followed by vacuum drying for 24 h at 40°C, to give 0.51 g polyethylene, activity 1.1 x 10 6 g 
PE/(mol Ni h). 

Application Example 23 : Homogeneous and heterogeneous polymerizations of ethylene 

Polymerization of ethy lene is carried out under oxygeri-free and anhydrous conditions. 
The reaction system comprises toluene 50 mL, to which methylaluminoxane 1 .6 mL, 
polymerized catalyst P[S-co-(C 4 2H48N2NiBr2)-co-(C36H 5 2N2NiCl2)] obtained in Application 
Example 15 (1 nmol) (based on Al/Ni = 3500) and ethylene are added in sequence and reaction 
is carried out for 0.5 h at 0°C. The reaction is quenched using an ethanol solution containing 1% 
hydrochloric acid, and the obtained product is filtered, washed 3 times with ethanol, followed by 
vacuum drying for 24 h at 40°C, to give 1 .31 g polyethylene, activity 2.62 x 10 6 g PE/ 
(molNi -h). 

Application Example 24 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 23 is carried out at 60°C, to give 0.31 g 
polyethylene, activity 0.62 x 10 6 g PE/(mol Ni h). . 

Application Example 25 : Homogeneous and heterogeneous polymerizations of ethylene 

Polymerization of ethylene is carried out under oxygen-free and anhydrous conditions. 
The reaction system comprises toluene 50 mL, to which methylaluminoxane 1 .77 mL, 
polymerized catalyst Si02-P[S-co-(C42H4gN2NiBr2)]obtained in Application Example 16 
(1 .3 nmol) (based on Al/Ni = 3000) and ethylene are added in sequence and reaction is carried 
out for 0.5 h at 20°C. The reaction is quenched using an ethanol solution containing 1% 
hydrochloric acid, and the obtained product is filtered, washed 3 times with ethanol, followed by 
vacuum drying for 24 h at 40°C, to give 0.61 g polyethylene, activity 0.91 x 10 6 g PE/(mol Ni 
•h). 

Application Example 26 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 25 is carried out at an ethylene pressure of 
20 atm and 1 2°C to give 7.3 1 g polyethylene, activity 1 . 1 1 x 1 0 7 g PE/(mol Ni h). 

Application Example 27 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 25 is carried out with methylaluminoxane 
2.43 mL (based on Al/Ni = 4000) to give 0.37 g polyethylene, activity 0.55 x 10 6 g PE/ 
(molNi -h). 
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Application Example 28 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 25 is carried out with methylaluminoxane 
1 .46 mL (based on Al/Ni = 2500) at an ethylene pressure of 1 0 atm to give 5.5 g polyethylene, 
activity. 8.2 x 1 0 6 g PE/(mol Ni h). 

Application Example 29 : Homogeneous and heterogeneous polymerizations of ethylene 

Polymerization of ethylene is carried out under oxygen-free and anhydrous conditions. 
The reaction system comprises toluene 50 mL, to which methylaluminoxane 1 .77 mL, 
polymerized catalyst Si02-P[S-co-(C42H48N2NiBr2)-co-(C36H52N 2 NiCl2)] obtained in Application 
Example 18 (1.3 umol) (based on Al/Ni = 3500) and ethylene are added in sequence and reaction 
is carried out for 0.5 h at 20°C. The reaction is quenched using an ethanol solution containing 
1% hydrochloric acid, and the obtained product is filtered, washed 3 times with ethanol, 
followed by vacuum drying for 24 h at 40°C, to give 0.40 g polyethylene, activity 0.60 x 10 6 g 
PE/(molNi h). 

Application Example 30 : Homogeneous and heterogeneous polymerizations of ethylene 

The same operation as in Application Example 29 is carried out at 1 2°C to give 0.70 g 
polyethylene, activity 1.03 x 10 6 g PE/(mol Ni h). 
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